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AgendaAgenda

ERGOTM Genome Analysis Platform

• ERGO Contents, Utilities and Applications

• Application Case Study 1:  Genome 
comparison of multiple Xylella strains

• Application Case Study 2:  Genetic basis for 
phenotypic traits (Fusobacteria)

• Initial Observations:  R. salmoninarum genome
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ERGO is Central to Getting the Most Out of a Genome ProjectERGO is Central to Getting the Most Out of a Genome Project
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Powered by

Chemical Structure Query

ERGOERGOTMTM Genome Analysis and Discovery Suite: Genome Analysis and Discovery Suite:
biological platform for biological platform for in silicoin silico analysis analysis

Pathway
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Regulator
database

Genome
database

Chemistry
database

Expression
data

Molecular diagnostics
(e.g. Pathogens chips,
NIAID/Affymetrix)

Enzyme and data-mining
(e.g. enzymes of industrial value)

Genome projects
(e.g. LABGC, Fish pathogens, etc.)

Media design
(e.g. intracellular pathogens
and fastidious microbes)

Custom bioinformatics
(e.g. SNP analysis)
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ERGO: largest and diverse genome inventoryERGO: largest and diverse genome inventory
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• Protein-encoding genes:
 SwissProt:  133,000 carefully curated sequences
 PIR:     1.1 million less curated sequences
 GenBank:    1.5 million far less curated sequences
 ERGO:     2.2 million carefully curated sequences

    (in non-redundant protein sequence database)

ERGO curated Protein-encoding genes: 1.4 million sequences

ERGO: A Unique Repository of Genomic DataERGO: A Unique Repository of Genomic Data
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• 850 genomes in the database; 437 bacteria, 129 eukarya

• 2.2 million genes, >60% with detailed annotations

• Association of genes into >6300 metabolic pathways

• Interpretation of microarray data in metabolic context

• Comparative genomics approach:  identifies more genes and functions

Manual curation generates highest quality gene annotations 

ERGO StatisticsERGO Statistics
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53%68%-Overall

51663915Vibrio cholerae N16961

53732304Streptococcus pneumoniae

65705350Pseudomonas putida

48652329Neisseria meningitidis MC58

6871532Mycoplasma genitalium

42614473Mycobacterium tuberculosis

59781846Haemophilus influenzae

5070928Chlamydia trachomatis MoPn

43591136Chlamydia pneumonia AR39

53703264Brucella suis

% TIGR% IG# GenesORGANISM

Functional gene assignments: IG vs TIGRFunctional gene assignments: IG vs TIGR
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ERGOERGO™™: compare annotations: compare annotations
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ERGOERGO™™: : Reconstruction stepsReconstruction steps
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Functional Reconstruction: a Functional Reconstruction: a ‘‘road-maproad-map’’



© 2005 Integrated Genomics, Inc.

Pathway Mapping: identification of Pathway Mapping: identification of ‘‘missing genesmissing genes’’

  ??

• Adds 5-15% functions

• Requires pathways
and/or reaction network

Chromosome

EC 1.1.1.25

EC 2.7.1.71

EC 2.5.1.19

EC 4.6.1.4

Pathway

“No sequence”
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ERGO: Pathway Based AnnotationsERGO: Pathway Based Annotations
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ORF PAGE IN ERGOORF PAGE IN ERGO

1. Local 
information

2. IG tools

3. Public tools

4. Similarities 
to all other ORFs
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Integration of Gene Expression Data withIntegration of Gene Expression Data with
FunctionalFunctional Overviews Overviews
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Integration of Integration of EssentialityEssentiality  DataData on Functional Overviews on Functional Overviews
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ComparativeComparative genomics and metabolic genomics and metabolic
reconstruction applied reconstruction applied to strain analysisto strain analysis

Case study 1: Case study 1: Xylella fastidiosaXylella fastidiosa

Collaborators: Collaborators: 
U.S. Department of Energy (Joint Genome Institute)U.S. Department of Energy (Joint Genome Institute)

University of California, Berkeley University of California, Berkeley 

References:
Bhattacharyya et al (2002) Genome Research 12:1556-1563
Bhattacharyya et al (2002) Proc. Natl. Acad. Sci. USA 99:12403-8
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• Plant pathogens
– 3 strains sequenced, public genomes
– Xf pv. citrus, Xf pv. almond, Xf pv. oleander
– Xf pv. citrus (complete),
– Xf pv. almond, Xf pv. oleander (10x draft)

• Annotation
– Manual annotation and database curation

• Pathway assertion
• Genome comparison (3 organisms)
• Metabolic reconstruction

– Predict physiology based on metabolic potential

Xylella fastidiosaXylella fastidiosa: background: background
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PredictionPrediction of Growth Medium Components of Growth Medium Components
forfor  XylellaXylella  fastidiosafastidiosa

Challenge:
• X. fastidiosa grows very

slowly
• Standard growth

medium contains BSA
• Bacteria form biofilm

Solution:
• Growth medium to accelerate

X. fastidiosa growth OR
• Growth medium without BSA

to prevent biofilm formation

IG’s approach:
• Reconstruction of X. fastidiosa

metabolism
• Identification of potential

growth substrates

Requires comprehensive
collection of metabolic

pathways for uptake  and
degradation of various

compounds
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Design of Growth Media:Design of Growth Media:
comparative genomics and functional reconstructioncomparative genomics and functional reconstruction

Growth medium

Compounds that could serve as
a source of biosynthetic

intermediates and energy

Compounds that the
organism can utilize

Compounds that need
to be added to medium

Compounds that the
organism can make

Compounds necessary for the
organism to grow
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ERGO: Functional overviewERGO: Functional overview



© 2005 Integrated Genomics, Inc.

Analysis of potential growth substratesAnalysis of potential growth substrates
forfor  X. X. fastidiosafastidiosa

Sugar substrates:
glucose, fructose, N-acetylglucosamine, 
mannose, glycerol, ribose



© 2005 Integrated Genomics, Inc.

IdentificationIdentification  of amino acid substratesof amino acid substrates
forfor  X. X. fastidiosafastidiosa

Amino acid substrates:
glycine, L-glutamate (2-ketoglutarate),
D- and L-alanine
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Result:  successful design of growth Result:  successful design of growth mediummedium
forfor  X. X. fastidiosafastidiosa

9.5 x 109Standard PW - BSA +
fructose + glycine +
L-alanine

8.4 x 109Standard PW - BSA +
fructose

no growthStandard PW - BSA

1.13 x 109Standard PW (contains
BSA)

Growth, CFUMedium



© 2005 Integrated Genomics, Inc.

Genome Comparisons: toolsGenome Comparisons: tools

(XFA)

(XFX)

(XFY)

1674

97

408 159181

112 161

WorkBench:
protein clustering

GenomeWalk: proteome alignment

BAT
ZC

GenomeAlign: genomic DNA alignment
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1705

132

375
180183

114 85
XFA-citrus

XFX-almond

XFY-oleander

Unique for the citrus pathogen
Of these, 54% not seen anywhere else
Includes a phage insertion

Phage insertion with 2 unusual carbon utilization operons
conferring host specificity to grow in citrus

Strain Comparisons: Protein clustersStrain Comparisons: Protein clusters
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Identification of genetic determinantsIdentification of genetic determinants
of phenotypic traits (bad oral odor)of phenotypic traits (bad oral odor)

Case study 2: Case study 2: Fusobacterium nucleatumFusobacterium nucleatum

References:
Kapatral et al (2002) J. Bact. 184: 2005-18



• Over 300 genera and 500 species co-exist in oral cavity 
- Most are commensals but a few are opportunistic pathogens

• Infection process:
a) Tooth surface allows pellicle formation
b) Early colonizers: Streptococci, Actinomyces spp
c) Fusobacteria spp.
d) Late colonizers  include pathogens:

 P. gingivalis, A. actinomycetemcomitans
T. denticola, B. forsythus 

• What is the physiological basis of mal-odour during infection?

F. F. nucleatumnucleatum is  is aa  ““BRIDGEBRIDGE”” bacterium bacterium

F. nucleatum

F. necrophorum

F. ulcercans

F. russi

F. varium

Periodontitis 

Lemierre’s Syndrome

Skin ulcers

Animal bites

Eye infections

Species Disease
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• Determine genome sequence
– Whole genome shotgun sequencing
– Primer walking to close gaps
– Assembly

• Annotation
– Automated ORF calling
– Manual annotation and database curation
– Identification of operons

• Pathway assertion
• Metabolic reconstruction

– Predict physiology based on metabolic potential

FusobacteriumFusobacterium: project schema: project schema



What causes What causes the bad smellthe bad smell ? ?

• Hydrogen sulfide: degradation of cysteine and methionine
• Butyric acid: prevents wound healing

Reconstruction of the 
entire butyric acid 
biosynthetic pathway
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Genome Analysis and Functional Reconstruction:Genome Analysis and Functional Reconstruction:
initial observationsinitial observations

BKD: Renibacterium salmoninarumBKD: Renibacterium salmoninarum
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RenibacteriumRenibacterium: statistics: statistics

After automated assignments

64% assigned functions

61% clustered (‘operons’)

53% Pfam domains

66% COGs families
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RenibacteriumRenibacterium: replication origin?: replication origin?

dnaA dnaN recF gyrAgyrB

dnaA coordinates: begin 969,395; end 967,995
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RenibacteriumRenibacterium: genome map: genome map

Mapped 
Transposase ORFs
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RenibacteriumRenibacterium: : ‘‘transposasestransposases’’
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RenibacteriumRenibacterium: central metabolism: central metabolism

R. salmoninarum possesses classical metabolic pathways for:
• glycolytic pathway (EMP)
• pentose phosphate
• TCA (Krebs) cycle
• pyruvate cycle

Summary: can utilize many sugars and polyols

R. salmoninarum has limited transporters for sugars/polyols:
• glucose/fructose
• fructose PTS
• glycerol
• gluconate
• arabinose 
• C4 dicarboxylate (malate/succinate)

Summary: most likely able to uptake at least
fructose, gluconate, glycerol
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RenibacteriumRenibacterium: amino acid biosynthesis: amino acid biosynthesis

Initial inspection suggests that the
bacterium is able to make most amino acids

Question: Bacterium can biosynthesize serine 
and cysteine. So why is cysteine added to
KDM2 medium for Rsa growth?

KDM2 media: 

yeast extract, peptone, serum or charcoal, 0.05% Cys 
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Renibacterium:Renibacterium: what what is L- is L-kynureninekynurenine??
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Renibacterium: Renibacterium: scavenging host kynurenine?scavenging host kynurenine?
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Heme transport 
associated protein (HtaA)

HmuT

RenibacteriumRenibacterium: iron uptake and oxygen stress: iron uptake and oxygen stress

Heme oxygenase

HmuVHmuT: hemin-binding periplasmic protein
HmuU: hemin transport system permease protein
HmuV: hemin transport system, ATP-binding protein

• Enzymes capable of coping with intracellular oxygen stress
• superoxide dismutase (RRSA02650)
• catalase (RRSA00708)
• thioredoxin peroxidase (RRSA01668)

HmuU

• Iron utilization
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Renibacterium: Renibacterium: pathogenicity factors?pathogenicity factors?

Chitin and chitosan hydrolyzing enzymes identified
• endochitinase (RRSA06681)
• chitosanase (RRSA00952)
• β-N-acetylhexosaminidase (RRSA01602)
• capable of utilizing N-acetylglucosamine, D-glucosamine

 and chitobiose

Major cell surface antigen (Msa1, p57)
• Msa1 (RRSA00268, RRSA03467)
• attachment to salmonid erythrocytes

Cell adhesion protein
• hemolysin tlyA-related, RRSA01172

Virulence factor MviN- and MviB-like (S. typhimurium)

Metalloprotease/Hemolysin
• known Rsa hly (maps to RRSA01873)
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ERGO: selected publicationsERGO: selected publications

PNAS (2005)

PLoS Biology 
(2005)

Nature (2003)
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Future directionsFuture directions

Metagenomics: analysis of mixed microbial communities

Affordable, rapid sequencing and analysis (typing) of
entire strain collections

Integration of other data types e.g. phenotype microarrays  

Molecular diagnostics: expression chips and probe design
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